L-Allothreonine, C4H9NO3, is orthorhombic, space group P212~2~, with a=13.69 (1), b=7.78 (1), c= 5-17 (1) A, Z=4. The structure, which is closely isomorphous with that of L-threonine, was solved from this data and has been refined to an R of 10.7 % for 597 visual reflexions. The bond lengths and angles are normal.
Introduction
A programme of studies on the structure, symmetry and conformation of organic and biomolecules is in progress in this laboratory. The major aim is to establish the molecular structure of these compounds in the solid state by X-ray methods and to correlate, if possible, the conformation and configuration through other techniques such as o.r.d., n.m.r., etc. Several simple amino acids have been X-ray analysed and their conformational and structural features studied. Recently the isomeric forms of amino acids containing more than one asymmetric carbon atom, namely threonine and isoleucine, have been studied by X-ray analysis (Srinivasan, Varughese & Swaminathan, 1973) . This paper deals with the determination of the structure of L-allothreonine. a racemic mixture of D-and L-forms was obtained. The same phenomenon has been reported by Shoemaker, Donohue, Schomaker & Corey (1950) in the case of OL-threonine. The crystals were well defined needles. The cell dimensions and space group were determined by rotation, Weissenberg and precession methods.
Crystal data
C4H9NO3, orthorhombic, a=13.69 (1), b=7.78 (1), c=5.17 (1) A; space group P212121; h00, h=2n+ 1 absent; 0k0, k = 2n + 1 absent; 00/, 1= 2n + 1 absent. Z = 4, M = 119.1, Do = 1.444, Dx = 1-437 g cm-3, p = 10.68 cm -1, 2 (for Cu K~ radiation)= 1-5418 A.
The density was determined by flotation in a mixture of benzene and bromoform.
Intensities were collected by the equi-inclination Weissenberg technique for hkL, L=0 to 4 and hKl, K=0 and '1. The crystal had dimensions 0.2 × 0.1 × 0.1 mm. The intensities of the various reflexions were determined visually with a set of graded intensities prepared from the same crystal. The intensities were corrected for Lorentz and polarization factors, and for elongation of spots (Phillips, 1962) . No absorption correction was applied (pt< 2). The two sets of data were then correlated by the method of Rollett & Sparks (1960) . The discrepancy index between the two sets of Table 1 . Fractional coordinates and thermal parameters with standard deviations in parentheses Thermal parameters are defined by T=exp [-(J3txh2+f122k2Jrf1331z-l-fl~2hk..bflt3hl-bB23kl)] , All values are multiplied by 10 4. 
Structure determination and refinement
Since L-allothreonine differs from L-threonine only by a change in configuration at the C a atom (Fig. 4 ), the cell dimensions may be expected to be close to those of L-threonine and also hopefully the two crystals may be closely isomorphous. The cell dimensions were in fact close to those of L-threonine (Shoemaker et al., 1950) . A statistical test of the intensities of the two crystals to determine the degree of isomorphism was carried out with the P(J) distribution function (Srinivasan & Ramachandran, 1965) for the hkO data. This revealed ( Fig. 1 ) a high degree of isomorphism (_ 80 %) between both structures. Since the stability of such structures is essentially determined by the hydrogen bonds involving the amino and carboxyl groups, it is reasonable to suppose that the part of the structure involving C ", NH + and CO0-is the same in both structures. Assuming, therefore, the positions of N, C ", COO-to be the same as in L-threonine a structurefactor calculation was performed and this gave an R of 42%, which is in reasonable agreement with the theoretical value of 38.3 % (Srinivasan, Sarma & Ramachandran, 1963 ) for a~=63 %. The remaining part of the structure was found from a difference map. As expected the peaks were close to those in the structure of L-threonine except for the change in CHa and H positions. At this stage R with all the non-hydrogen atoms was 33%. Three cycles of full-matrix leastsquares refinement were carried out on a CDC-3600 computer with the program LALS (Gantzel, Sparks & Trueblood, 1961) which resulted in an R of 15 %. The scattering factors used were those in International Tables for X-ray Crystallography (1962) .
At this stage a study of the variation of IFol with ~.[,'IF[ 2 was carried out from which the weighting scheme (Cruickshank, Bujosa, Lovell & Truter, 1961) , W=l/(a+lFol+blFo[ 2) with a=2.0 and b=0.03336, was derived. Two more cycles of refinement with this weighting scheme reduced R to 14 %.
Before anisotropic refinement the hydrogen atoms were fixed from stereochemical considerations. With these included in the structure-factor calculation two Table 1 . The observed and calculated structure factors are listed in Table 2 .
Molecular packing and hydrogen bonding
The structure projected along b is shown in Fig. 2 . The molecules run approximately parallel to a and are linked by a three-dimensional network of hydrogen bonds. Table 3 lists the various short contacts which are acceptable as hydrogen bonds from geometrical considerations (Hamilton & Ibers, 1968) . The amino acid exists as a zwitterion. There are four protons available for hydrogen-bond formation. The three hydrogen-bond directions (at the amino group) are staggered with respect to the bonds covalently linked to C(2). In the case of L-threonine (Shoemaker et al., 1950) Solid lines correspond to theoretical curves and the experimental points are shown by circles.
Bond distances and angles
The bond distances and angles are given in Table 4 and Fig. 3 . The average estimated standard deviations are 0.009 A and 0.68 ° respectively. The CLC' [C(2)-C(1)] distance of 1.541 and the CLN [C(2)-N] distance of 1.507 A are in agreement (within the 3a level) with the corresponding mean values of 1.526 (4) and 1.487 (4) .A, respectively (Marsh & Donohue, 1967) . In the side chain the CLC B [C(2)-C(3)] distance of 1.516 A is in agreement with the standard value of 1-54 A_ within experimental error. The Ca-C ~ [C(3)-C(4)] distance (1.523 A) is in agreement with the value of Marsh & Donohue (1967) . In the case of glycyl L-threonine dihydrate (Yadava & Padmanabhan, 1973) , L-threonine (Shoemaker et al., 1950) 
structures the bond angles at the C o atom show considerable deviation from the tetrahedral values of 109.5 ° (104.1, 113.4, 105.0, 114.1, lll.2 ° in the present case; 105.8, 104, 109, . Fig. 4 shows projections of the structures of L-threonine and L-allothreonine for comparison. 
Carboxyl group
The carboxyl group is in the ionized form [C(1)-O(1)= 1.234, C(1)-O(2)=1.254 A]. The dimensions are in agreement with the values of 1.252 (4) and 1.253 (4) A (Marsh & Donohue, 1967) . The equation of the least-squares plane through N, C", COO-is given by 0.3863X-0-8919 Y-0.23 54Z = 0.8914.
The deviation of N from the plane is 0.35 A.
Molecular conformation
The conformation of the amino acid is given by the angles ~I[N-C(2)-C(1)-O(1)] and ~2[N-C(2)-C(1)-0(2)] describing the torsion of the two C-O bonds about C(1)-C(2). The notation followed here is that given by Edsall et al. (1966) . The values of qh and ~'2 are 345.1 and 165.8 °. The corresponding values for Lthreonine (Shoemaker et al., 1950) and glycyl-Lthreonine dihydrate (Yadava & Padmanabhan, 1973) are 333.8, 156.0 and 351.5, 169.7 ° respectively. The side-chain conformation is given by the torsion angles ,)(11, /3(12 and X 13 about C(2)-C(3) giving the position of the 7 atom with respect to N (Lakshminarayanan, Sasisekharan & Ramachandran, 1967) . These angles are close to 60, 180 and 300 °. The C Y atom moves to position I (65.1 °) and the O Y atom to position III (302.9°), in the present case. But in L-threonine and glycyl-L-threonine dihydrate these move to positions II and III (185.5, 305.2 °) and III and I (298 and 61 °) respectively. In L-threonyl-L-phenylalanine p-nitrobenzyl ester hydrobromide the C Y and O Y atoms take up positions II and III (176, 298°).
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